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Mortality Study of Pesticide Applicators and
Other Employees of a Lawn Care Service

Company
Shelia Hoar Zahm, ScD

In response to reports linking non-Hodgkin’s lymphoma (NHL) and
the herbicide 2,4-dichlorophenoxyacetic acid, a retroshective cohort
mortality study of 32,600 employees of a lawn care company was
conducted. The cohort was generally young with short-duration employ-
ment and jollow-up. In comparison to the US population, the cohort had
significantly decreased mortality from all causes of death combined (307
deaths), arleriosclerotic heart disease, and accidents. There were 45
cancer deaths (59.6 expected, standardized mortality ratio [SMR] =
0.76, 95% confidence interval [CI] = 0.55, 1.01). Bladder cancer
mortality was significantly increased, but two of the three observed
deaths had no direct occupational contact with pesticides. There were
Sfour deaths due to NHL (SMR = 1.14, CI = 0.31, 2.91); three were
male lawn applicators (SMR = 1.63, CI = .33, 4.77), with two of the
applicators employed for three or more years (SMP =711, CI= 178,
28.42). No other cause of death was significantly elevated among lawn
applicators as a group or among those employed for three or more years.
Although based on very small numbers and perhaps due to chance, the
NHL excess is consistent with several earlier studies.
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esticides are agents intended to pre-

vent, destroy, or control insects,
weeds, fungi, and other unwanted

pests. They are, by design, biologi-
cally active. Many have been found
to be carcinogenic in laboratory ani-
mals."? Of 47 pesticides tested in
rodents by the National Cancer Insti-
tute (NCI) or the National Toxicol-
ogy Program, 27 have Shown evi-
dence of carcinogenicity.” Evidence
for the carcinogenicity of pesticides
in humans, however, is limited by
the small number of studies that have
evaluated individual pesticides, with
most studies considering pesticides
as a group. The International Agency
for Research on Cancer has classi-
fied only arsenical compounds as
having sufficient evidence of carci-
nogenicily in humans and occupa-
tional exposure to insecticides as
probably carcinogenic to humans.”
Studies of occupational groups ex-
posed to pesticides have raised con-
cern that pesticides may pose an
important human cancer risk. Nu-
merous studies around the world
have shown that, despite their lower
overall mortality, farmers experience
elevated mortality from leukemia,
non-Hodgkin’s lymphoma (NHL),
multiple myeloma, Hodgkin’s dis-
ease, soft tissue sarcoma, and can-
cers of the skin, lip, brain, stomach,
prostate, and testes.*> There is evi-
dence that pesticides may be respon-
sible for some of these excesses, but
other exposures, such as fertilizers,
fuels, engine exhaust, solvents,
paints, sunlight, an:mal viruses, and
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antigenic stimulation. may also play
a role.*”

Other occupational groups in-
volved with pesticide application in-
clude lawn care service workers,
structural pest control operators, gar-
deners, golf course workers, forestry
workers, and right-of-way mainte-
nance workers. Less research has
been done on these groups than on
farmers, but cpidemiologic studies
have reported excess risks of leuke-
mia,® NHL,™" soft tissue sarcoma.®
and cancers of the brain,”" pr()slalc,7
Jung.””! Tiver,"" and colon.”

In 1986, a casc-control study con-
ducted in Kuansas'” focused attention
on 24-dichlorophenoxyacetic acid
(2,4-D), one of the most commonly
used broadleaf herbicides in the
United States. This compound has
been used extensively in agriculture
on crops such as wheat, corn, oats,
rye, barley, sugarcane, and sorghum.
It 1s also used on range and pasture-
land, in forestry, on rights-of-way,
and on lawns and other turf. Hoar et

al'? reported a twofold excess risk of

NHL among tfarmers who reported
using phenoxy herbicides. Risk rose

significantly with days per year of

use of herbicides, surpassing scven-
fold among those reporting usc for
21 or more days per year and report-
ing use of 2.4-D. These results were
consistent with studies from Sweden
indicating a sixfold excess of malig-
nant lymphoma among persons ex-
posed to phenoxy herbicides or chlo-
rophenols.'” Since that time, NHL
has been found to be elevated among
farmers frequently cxposed to 2.4-D
or phenoxy herbicides in Nebraska,'”
Canada,”” and Australia.’® In New
Zcaland, however, duration and fre-
quency of use of pacnoxy herbicides
were not associated with NHL."
Similarly, NHL was not significantly
associated with 2.4-D use in a study
conducted in Towa and Minnesota,'®
but no information was collected on
days per year of use in the original
interviews. A later effort to collect
intensity-of-use information suffered
from the greater mortality among the
cases than the controls, and the data
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were judged (0 be poor quality by
peer reviewers. ' In addition, a study
in Washington State?” revealed an
clevated risk of NHL among {armers,
but the excess did not appear to be
related (o phenoxy herbicides.”" Co-
horts of workers who manufacture
2,4-D and other phenoxy herbicides
have not shown significant excesses
of NHL,>* *" but most were small
cohorts that lacked sufficient statisti-
cal power to cvaluate this relatively
rare cause of death.” Soft tissue
sarcoma'****¢ 3% and prostate can-
cer™ have also been linked to expo-
sure to phenoxy herbicides or its
contaminants, such as dioxin.

The association betwcen NHL and
2,4-D reported in the Kansas study in
1986 was somewhat surprising be-
cause there was little toxicological
cvidence of carcinogenicity for this
compound.?’” 2,4-D has been nega-
tive in the Ames assay, mouse mi-
cronuclet assay, and unscheduled
DNA synthesis assay,”® although
some cytogenetic studies have re-
ported positive results. ™ ** The car-
cinogenicity bioassays of 2,4-D pub-
lished before 1986 were negative but
are considered inadequate by current
experimental standards.** New stud-
tes on rats and mice that were com-
pleted in 198€¢ and 1987 showed a
high rate of brain cancer in male rats

in the highest exposure group.*>*°
The Environmental Protection

Agency (EPA) requested additional
studies at higher doses to clarify the
finding. Reports on these studies,
submitted to the EPA in May
1996,* shewed no cvidence of
carcinogenicity in rats or mice in
either gender at any dose level.

In response to the Kansas study,
ChemLawn Services Corporation
(now TruGreen-ChemLawn of Ser-
viceMaster Consumer Services,
Memphis, TN), a national lawn care
service company whose employces
may be exposed to 2,4-D as many as
90120 days per year, took several
actions. The company (1) discontin-
ued use of 2,4-D until its safety could
be assured; (2) contracted for inde-
pendent medical examinations of

long-term employees by the Univer-
sity of Cincinnati:> (3) continued
monitoring other exposures:™ > and
(4) requested that NCI study the
mortality of ChemLawn cmployees.
NCI agreed to conduct a two-phase
research effort consisting of retro-
spective and prospective compo-
nents, The retrospective component
would 2xamine mortality patterns
among the workers from the time the
company was formed in 1969 to
1990. The maximum follow-up pe-
riod for most workers would be rel-
atively short for a cancer study. so
continued follow-up with re-cvalua-
tion of mortality in the future was
also planned. This report covers the
retrospective component of this re-
scarch effort,

Methods
Cohort Identification

ChemLawn was founded in 1969
with 13 employees in Ohio. By 1986,
the corporation had grown to over
12,000 active employees in 46 states
and three Canadian provinces. Per-
sennel records were kept at branch
offices and at corporate headquarters
in Columbus, Ohio, until 1982, when
branch records were also forwarded
to the corporate headquarters.

Current employees were identified
from a computerized personnel file
established in 1986. Paper personnel
records for active and former em-
ployees contained emplovment ap-
plications, personal data forms,
ckange in status forms, payroll
change request forms, and termina-
tion forms. Name, Social Security
number, date of birth, race, gender,
address, citizenship, state and num-
ber of driver’s license, next-of-kin,
and other variables were abstracted
from the employee application and
personal data form.

Because of the unknown degrec of
compliance of the branch offices
with the 1982 request to send person-
nel records for all current and termi-
nated employees to the corporate
headquarters, other sources of infor-
mation were identified to ensure as
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TABLE 1

Number of ChemLawn Employees by
Race,* Gender," Year Hired, and Age
Hired

Parameter Number (%)

Total 32,600

Men 23,907 (73)
White 22,723 (70)
African-American 775 2)
Hispanic 264 1)
Asian 82 (~21)
Native American 63 (1)

Women 8,693 (27)
White 8,159 (25)
African-American 367 (1)
Hispanic 109 (1)
Asian 31 (=1)
Native American 27 (=1)

Year hired
1969-1971 146 (=1)
19721974 607 )
19751977 1,886 (6)
1978-1980 3,544 (11
1981-1983 9,455 (29)
1984-1986 16,951 (52)
Unknown 11 (1)
Mean = 1982.7, median -: 1984

Age hired
=20 years 8,656 (27)
21-25 years 13,171 (40)
26-30 years 5917 (18)
31-35 years 2,355 (7)
36-40 years 1,004 (3)
41+ years 1,145 4)
Unknown 352 &)

Mean = 24.7 years, median = 23 years
Duration of employment

<1 day 364 (M
1 day-5.9 montns 16,692 (51)
6-11.9 months 4,327 (13)
1-1.9 years 3,722 (1)
2-2.9 years 2,241 (7)
3-3.9 years 1,409 (4)
4-4.9 years 967 3)
5-5.9 years 625 2)
6-9.9 years 1,503 (5)
10~14.9 years 625 2)
16+ years 1256 (<1)

Mean = 1.6 years, median = 0.5 years

* 4,454 subjects of unknown race were
assumed to be white,

T Ten subjects of unknown gender were
assumed to be men.

complete ascertainment of employ-
ees as possible. The corporate head-
quarters had always issued all pay-
checks and had several types of
historical payroll records that could
identify former employees. These
records included W-2 forms from

1970-1976 for all employees sorted
by branch; year-end payroll ledgers
from 1979-1981 with branch, name,
address, Social Security number, job
classification, and other related data;
quarterly payroll ledzers from 1982
by branch; and microfiche payroll
tedgers from 1983-1985.

After cditing and elimination of
duplicate records and records for
hirees who never reported to work,
there were 33,771 current and former
employees. Only 349 (1%) were
based on payroll entries only. Based
on review by the company, it ap-
peared that many of the 349 were
administrative employees, board
members, etc. Although detailed job
histories were not available, the com-
pany was able to indicate if the
subjects had ever been employed as
an applicator. Personnel records
were available for the remaining
99% of the subjects. Canadian sub-
jects (n = L1,171) were excluded
because special procedures would
have been needed to determine vital
status, yielding a final cohort of
32,600.

There were 22,723 (70%) white
non-Hispanic men, 775 (2%) Afri-
can-American men, 264 (1%) His-
panic men, 145 (0.4%) other non-
white men, 8,159 (25%) white non-
Hispanic women, 367 (1%) African-
American women, 109 (0.3%)
Hispanic women, and 58 (0.2%)
other nonwhite women (Table 1).
These totals include ten subjects with
unknown gender who were assumed
to be men after review of name, jobs,
and other information and 4,454 sub-
jects with unknown race who were
assumed to be white, based on the
majority of subjects with known race
being white. The mean year hired
was 19827 and the median year
hired was 1984. The average age
hired was 24.7 years and median age
hired was 23 years. Social Security
numbers were available on all but
twelve cohort members.

Vital Status Determination

The vital status of the cohort as of
December 31, 1990, was determined
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through a variety of mechanisms.
First, ChemLawn identified current
employees and employees who had
died while working for the company
(n = 28). The cohort was compared
with mortality tapes from the Social
Security Administration, covering
1966-November 1991; the state of
California, covering 1966-1989; and
the National Decath Index (NDI),
covering 1979-1990.

Persons whose last date of em-
ployment was after the establishment
of the NDI (January 1, 1979) and
who had no record in the NDI were
assumed to be alive. Persons not
known to be alive after January I,
1979, were traced through state
motor vehicle administration records
of drivers’ licznses and credit bu-
reaus,

As of December 31, 1990, 32,068
(98%) were found to be alive, 315
(1%) were dececased, and 217 (1%)
had unknown wvital status (Table 2).
Requests for copies of death certifi-
cates were made to state vital records
offices. If a certificate could not be
found at the state of last known
residence, requests were also sent to
ncarby states and all states of previ-
ous residence and employment. A
total of 307 certificates were found.
We were unable to locate certificates
for cight subjects thought to be de-
ceased. In the analyses, these sub-
jects were assumed to be dead, with
person-years accumulation ending at
the presumed date of death, but they
do not contribute to the analyses of
specific causes of death. The cohort
accumulated 250,868 person-years,
Sixty-one percent of the person-
years were accued at ages under 30
and only 2% were accrued at age 50
or older. The average length of fol-
low-up was 7.8 years and the median
was 6.8 years.

The underlying and contributing
causes of death on the death certifi-
cates were coded by a nosologist
using the Ninth Revision of the In-
ternational Classification of Dis-
eases, according to the rules in effect
at the time of death.
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TABLE 2

Number of Chemlawn Employees by Occupation,* Race, and Gender

Occupation
Applicators
lLawn specialists
Tree and shrub specialists
Pest control specialists
Specialists, not otherwise specified
Carpet specialists

Wash and fill truck area workers, mechanics

Labor/field helper (eg, limers, renovation
helpers)

Telemarketers, customer service, collections

Clerical, data entry, accounting clerks

Warehouse, receiving and inventory clerks

Professionals/managers (branch level)

Professionals/managers (corporate level or
not otherwise specified)

Technical, scientists, laboratory workers

Miscellaneous

White Men Nonwhite Men White Women Nonwhite Women Total
17,066 733 757 20 18,576
14,937 639 587 16 16,179

2,901 109 187 6 3,203
131 14 11 0 156
79 3 & 0 90
1,545 139 36 2 1,722
1,509 110 18 1 1,638
1,126 74 24 2 1,226
1,396 137 3,657 356 5,446
242 7 3,129 98 3,476
335 40 12 2 389
1,333 19 1,448 82 2,882
513 9 104 0 626
186 2 43 2 233
240 15 11 o] 266

* Subjects can contribute to multiple occupations.

Occupational Histories

ChemLawn did not maintain a sc-
quential work history on one docu-
ment for its employees. Instead, after
cach personnel action, one of three
forms was sent to corporate head-
quarters to be placed in the employ-
ee’s personnel records: change in
status forms, payroll change request
forms, and termination forms. Ter-
mination forms were also used some-
times for medical [caves and short-
and long-term disabilities. In theory,
a scquential occupational history
could be constructed {rom the forms.
The forms, however, were often
missing or had incomplete data. In
addition, therc might be multiple
forms for the same cvent. Construct-
ing a complete, accurate occupa-
tional history for each subject was a
difficult and extrcmely time-con-
suming.

Over 150,000 job change entries
occurred for the 32,600 employees.
Approximately 65,000 (43%) of
these entries lacked a job code. The
job change rcason code and com-
ment fields contained information
that identified approximately 40,000
entries as terminations or rehires,
The remaining 25,000 entries, how-
ever, had blank or uninformative en-
tries, such as “change in status,” “has

a headache,” and “name W-4." It
was necessary to examine complete
work histories for each subject with
these blank or uninformative entrics
to determine if the action had been a
job change, transfer, termination, re-
hire, or other action.

Each entry had to be scquenced
correctly with an accurate job code.
Incorrect or incomplete data could
greatly affect the presumed duration
of employment. For example, a sub-
ject with two sequential termination
actions might have been rehired and
had additional employment betwecn
the two dates. Many rules for evalu-
ating these entries had to be devel-
oped. For example, when a first ter-
mination data was for a disability or
a medical leave and a second action
occurring shortly thereafter was a
termination, it was deemed appropri-
ate to “combine” them and assume
that work stopped at the first date.
For some records, however, the in-
terval was so long that it suggested
that the employee may have returned
to work after the disability. In other
cases, some “‘terminations’” were ac-
tually changes from full-time to part-
time status or transfers to other
branches. Two sequential rehire
dates suggested that an intervening
termination date might have been

missing from the f{ile. Duration of
employment would be grossly over-
estimated if the work was incorrectly
assumed to be continuous, The codes
required extensive editing to recon-
struct a complete work  history,
which was cssential for epidemio-
logic analysis.

Many records lacking a termina-
tion date had no pay raises, job
caanges, or other events to suggest
ongoing employment. All available
records, such as W-2 forms and pay-
roll ledgers, were used to obtain as
complete information as possible.
Searches for termination dates were
made of the yearly lists of records of
terminated employees sent by the
corporate personnel department to
off-site storage. The lists for 1976
1983 did not have ecxact termination
dates, but fact and year of termina-
tion could usually be established.

Term nation and job change dates
that were incomplete (eg, 7/10),
missing. or ineligible (eg, 2/30) were
edited based on the rest of the sub-
ject’s occupational history. For ex-
ample, f a subject had worked for
tbkree summers with “returning to
school” as the reason for termination
each fal but lacked a termination
date for year 2, the missing month of
termination would be assumed to be
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September, as it was in years 1 and 3.
If no other data or clues were avail-
able, the midpoint between the two
known dates was used as a last re-
sort.

There were 1,670 subjects who
had been employed for less than
seven days. Each record was exam-
ined individually, and subjects who
were hired but never reported to
work were excluded. All subjects
who reported, even with extremely
short durations of employment, re-
mained in the cohort.

Table I presents the frequency of
subjects by duration of employment
through 1988 (although vital status
data were available through 1990,
employment histories were available
only through 1988). Approximately
two-thirds (66%) of the employces
worked for less than one year, with
77% less than two years, The aver-
age length of employment was 1.6
years. The median length of employ-
ment, however, was much shorter at
0.5 years.

Missing job codes were deter-
mined by examining the associated
job title, reason code, and comment
fields for the action and by review of
the rest of the subject’s work history.
Some codes could be determined by
computerized algorithms, but most
required individual manual review.

The detailed ChemLawn job codes
were grouped into broad categories,
crudely based on potential for expo-
sure to pesticides and by job activi-
ties. All entries with codes TH (truck
helper), SC (specialist), CL (cleri-
cal), and OT (other) required individ-
ual review to assign into the broad
job categories. For example, the TH
code was used for several jobs: car-
pet helper, carpet cleaner, lawn
helper, tree and shrub helper, pesti-
cide helper, production assistant, and
truck helper. Each occurrence of the
code was classified to a broad job
category after review of the job title
and comment fields, branch type (ie,
lawn, tree and shrub, or carpet
clean), and other variables for that
job and for others in the subject’s
work history.
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TABLE 3

Pesticides Commonly Used by ChemLawn

Name (Brand name)
Herbicides
2,4-D
2,4-D, dicamba, mecoprop (Killex,
Trimec)
Benefin (Balan)
Bensulide (Betasan or Lescosan)
Cacodyclic acid
DCPA (Dacthal)

Dicamba (Banvel)

DSMA

MCPA

Mecoprop (MCPP)

MSMA

Pendimethaline (Lesco Pre-M, Prowl)

Pronamide (Kerb)

Proturf PTH

2,4,5-trichloroproprionic acid (Silvex)
Insecticides

Acephate (Orthene)

Carbary! (Sevin)

Chlordane

Chlorpyrifos (Dursban)

Diazinon (Spectracide)

Isofenphos (Oftanol)

Lindane

Malathion

Methoxychlor
Fungicides

Benomyt (Tersan)

Chlorothalinol (Daconil)

Mancozeb

PCNB

Triadirmefon (Bayleton)
Other

Dicofol (Kelthane)

Exhalt

Xylene

Comment

Extensive use, discontinued in 1986
Extensive use

Extensive use

Extensive use

Infrequent use

Extensive usg, very low level contaminant:
2,3,7,8-TCDD (0.13 ppb)

Extensive use

[nfrequent use

Extensive use
Infrequent use
Extensive use

Very little use, discontinusd 1978
Moderate or extensive use

Discontinued in 1976
Extensive use

Extensive use

Moderate or sxtensive use
Discontinued in 1981

Moderate use

Moderate use
Moderate use

Acaricide, moderate or extensive use
Sticker extender
Solvent

The frequency of subjects ever
employed in each broad occupational
category is presented in Table 2.
Employees can contribute to multi-
ple categories. Seventy-four percent
(n = 17,799) of men were ever
employed as applicators with 15,576
in lawn care, 3,010 in tree and shrub,
145 in pest control operations, and
82 as applicators, not otherwise spec-
ified. The majority of women were
employed in clerical, sales, and other
administrative jobs, with only 777
(9%) ever employed as applicators.

The branch number, an important
variable for linkage to pesticide use
information, was missing for approx-
imately 4,000 job entries. The infor-

mation was obtained by examining
each entry’s branch name, the rest of
the work history for that subject, the
records of other subjects with the
same branch name, and other meth-
ods.

Editing the occupational histories
was an extremely lengthy process
involving numerous computerized
algorithms and manual review of
tens of thousands of records. Multi-
ple cycles were required to fully edit
and compile the data. The details of
the occupational histories that were
the most difficult to resolve were
those necessary for linking the
records to the pesticide exposure in-
formation available at the branch
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level. The value of this editing effort
will increase as the cohort is {ol-
lowed prospectively into the future.

Pesticide Use Information

When Chemlawn was founded,
the company services were limited to
lawn care. Applicators applied herbi-
cides, fertilizers, insecticides, and
fungicides. In 1976, tree and shrub
services were added. Tree and shrub
workers applied insecticides and fer-
tilizers, but not herbicides. Branches
provided primarily either lawn care
or tree and shrub care with little
crossover. Later divisions included
PestFree (an indoor pest elimination
service), CarpetClean, and commer-
cial services. During these later
years, the type of service provided by
the branch was indicated in the last
digit of the branch code.

Table 3 presents pesticides com-
monly used by ChemLawn. The her-
bicides included 2,4-D, benefin, ben-
sulide (Betasan or Lescosan), DCPA
(Dacthal), dicamba (Banvel), mecop-
rop (MCPP), and pendimethaline
(Pre-M). Less frequently used herbi-
cides included cacodylic acid,
disodium methanearsonate (DSMA)
and monosodium methanearsonate
(MSMA). Insccticides used fre-
quently included acephate (Orthene),
chlorpyrifos (Dursban), diazinon
(Spectracide), dicofol (Kelthanc),
and 1sofenphos (Oftanol). The fungi-
cides benomyl, mancozeb, and pen-
tachloronitrobenzene (PCNB) were
also used often.

All pesticides used by ChemLawn
branches have been purchased cen-
trally through the corporate head-
quarters. Each year. agronomic pro-
grams were developed that specified
the recommended pesticides and fer-
tilizers, application rates, and dates
of application by branch and lawn
type (eg, sun, shade, insect infesta-
tion special treatments). ChemLawn
estimates that on average each appli-
cator services 625 customers with
lawns averaging 6,500 square feet,
yielding an average of 90 acres per
application cycle per applicator. De-
scriptions of a large number of the
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pesticide programs were available at
corporate headquarters or from staff
in the branch offices. We were not
able to obtain annual programs for
cvery branch and no programs were
available for any branch prior to
1973,

The programs used a variety of
names for similar chemical formula-
tions, which were standardized, col-
lapsed, and classificd using pesticide
reference materials and the product
label files maintained by Chem-
Lawn.

The dates for cach application cy-
cle were indicated by “rounds.” Each
season consisted of four to six
rounds, depending on geographic lo-
cation, each round being several
wecks in length. In some years, the
pesticide programs specified the
dates for each round. In other years,
the rounds were simply numbered.
We inputted the unknown dates from
programs for "he same location in
other ycars.

A total of 3,535 programs for
1973-1984 were abstracted. Dupli-
cate programs were wdentified and
climinated. Other apparent dupli-
cates were actually distinct programs
for slightly diferent program types
{eg, sun and improved sun lawns) or
were program revisions. In the latter
case, the program with the latest date
of submission was identified and re-
tained. Twenty-six percent of the
programs had missing branch codes
and 9% were missing the year, the
two variables necessary to link the
pesticide program data to the cohort
members” occupational histories.
Considerable effort was expended to
reconstruct branch codes. Missing
data were obtained by review of
branch name, program title, submis-
sion date, the format of the program
page, and evaluation of the chemi-
cals to identify program type, when
possible. The pesticide programs for
1985-1988 were available on a com-
puter data tape.

Probable exposures for the cobort
members were identified by linking
the subjects’ werk histories to the
pesticide programs. Initial efforts to

match the pesticide programs and the
work histories were largely unsuc-
cessful because of the large number
of missing branch numbers and years
in both files. Out of approximatety
&3,000 work history entries from
1973-1984, only 719 matched a pes-
ticide program on both branch num-
ber and year, and only an additional
431 matched on branch number
alone. Of the over 67,000 entries
from 19841988, only 1,243
matched on both branch number and
year plus 410 more on branch num-
ber alore. Overall, only 429% of the
lawn service applicators had cven
one match by branch and year, and
only 2% of the cohort had their entire
work history linked to pesticide data
for each entry. Extensive editing of
the occupational histories and the
pesticide program data to improve
the matches was only marginally
successful. It will be necessary to
loosen the matching criteria from
individual branch to city or state. The
methods for characterizing the expo-
suces when there are program differ-
ences in the branches within a city or
state need to be developed.

Because of the ongoing work on
methods :o characterize pesticide use
for larger geographical areas and be-
cause of the small number of deaths
in “he cohort to date, this report will
use the pesticide program data in a
descriptive manner only. The pesti-
cides mentioned in the programs
matching the work histories of sub-
jects who died of selected causes of
death will be presented. In the future,
when more deaths have occurred and
when procedures are developed to
merge program data at the city or
state level, the pesticide program
data will be used to characterize
individual exposures in more detail
for nested case-control studies.

Additional pesticide exposure in-
formation was also available from
some monitoring projects conducted
by ChemLawn in recent years. Stud-
ies of blood cholinesterase activity
and pesticide levels in urine, per-
sonal air samples, and area air sam-
ples from offices, warehouses, and
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production facilitics reported expo-
sures well below the permissible ex-
posure limits established by the Oc-
cupational Safety and Health
Administration, National Institute for
Occupational Safety and Health,
American Conference of Govern-
mental Industrial Hygicnists, or the
World Health Organization/Food
and Agriculture Organization,” ~*

Company standard work practices
are for the applicators to wear boots,
gloves, eye protection, and an apron
or other outer garment during mixing
and loading. During application,
gloves are worn if indicated by the
pesticide label. If the label does not
indicate that gloves must be worn,
their use is optional.

Analysis

Person-years at risk were accumu-
lated from date of hire to the carlicr
of either December 31, 1990, or the
date last known to be alive. The
obscrved number of deaths in the
cohort were totalled by specific
cause. The expected number of
deaths were obtained by multiplying
cause-specific mortality rates for the
US population by the person-ycars at
risk in the study group, adjusting for
gender, race, age, and calendar
time.””

Standardized mortality ratios
(SMRs), the ratios of observed to
expected numbers of death, and 95%
confidence intervals (95% CIs) were
obtained using the O/E program de-
veloped by the NCL>® The confi-
dence intervals were calculated ac-
cording to the method of Liddell.”’

To calculate the expected numbers
of death by duration of employment,
person-ycars were allocated in the
appropriate time-dependent manner,
that is, to each duration category as
the subject attained that length of
employment. The remaining person-
vears to the closing date of the study
are allocated to the last duration of
employment category the subject at-
tained. SMRs and 95% Cls for the
duration analyses were obtained us-
ing the AMFIT procedure of EPI-
CURE, a software package produced
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TABLE 4

Observed (OBS) and Expected (EXP) Numbers of Deaths, Standardized Mortality
Ratios (SMR), and 85% Confidence Intervals (Cl) for All ChemLawn Employees,
1969-1990, Adjustedt by Race, Gender, Age, and Calendar Year"

Cause

All cénjses?fdeatr;

Infective and parasitic disease
All malignant neoplasms
Digestive organs and peritoneum
Large intestine
Rectum
Liver
Pancreas
Lung
Bone
Skin
Breast
Ovary
Prostate
Testis
Bladder
Brain and other central nervous system
All lymphopoietic cancer
Non-Hodgkin's fyrnphoma
Hodgkin's disease
Leukemia and aleukemia
Benign neoplasms
Allergic, endocrine, metab., nutritional dis.
Diabetes mellitus
Diseases of biood and blood-forming organs
Mental, psychoneurotic, and personality dis.
Diseases of nervous system and sense organs
Diseases of circulatory system
Arteriosclerotic heart disease, incl. CHD
Vascular lesions of CNS
Respiratory diseases
Pneumonia
Emphysema
Diseases of digestive system
Gastric and duodenal ulcer
Cirrhosis of liver
Diseases of genito-urinary system
Symptoms, senility, and ili-defined conditions
External causes of death
Accidents
Motor vehicle accidents
Suicide

OBS EXP SMR 95% ClI
307 4444 069 062, 0.77
15 23.0 065 0.36, 1.08
45 596 0.76 0.5, 1.01
10 9.7 1.03 049, 1.90
4 3.8 105 028, 268
1 0.7 145 0.02, 807
1 08 1.18 0.02, 6.59
3 1.7 175 035, 5.12
7 108 065 0.26, 1.34
1 0.8 124 0.2, 6.89
1 36 028 0.00 156
4 58 069 0.19, 1.76
1 1.4 071 0.01, 3.97
2 0.7 277 0.31,10.00
1 183 074 0.01, 414
3 0.4 710 1.43,20.73
3 40 075 015, 218
8 114 070 030 1.39
4 35 114 031, 291
1 20 049 0.01, 275
3 50 060 0412, 1.75
1 2 081 0.01, 451
6 10.8 0.56 0.20, 1.22
4 49 081 022, 2.08
1 1.2 0.85 0.01, 470
3 6.8 0.44 0.09, 1.28
5 72 070 0.23, 1.63
37 62,1 0.60 042, 0.82
17 331 051 030, 0.82
6 36 069 0.25 151
8 120 067 029 132
4 53 075 0.20, 192
2 0.7 287 0.32,1085
9 148 061 0.28, 115
1 05 1.88 0.02,10.49
7 9.1 077 031, 159
1 26 038 0.00 210
2 11.0 018 0.02, 0.66
170 2275 0.75 0.64, 0.87
95 1364 0.70 0.56, 0.85
79 836 079 062, 1.00
56 513 1.09 082, 142

* Metab., metabolic; Cis., diseases; incl., including; CHD, congastive heart disease; CNS,

central nervous system.

by HiroSoft Internazional Corpora-
tion (Scattle, WA).™ The 95% Cls
were calculated as described in
Breslow and Day.*” Statistical power
calculations were obtained using the
EPITOME program.“’

Results

There were 307 deaths with
known cause identified among the

Cheml.awn cohort. In comparison
with the US general population, the
cohort had significantly decreased
mortality from all causes of death
combined (SMR = 0.69), arterio-
sclerotic heart disecase (SMR =
0.51), symptoms and ill-defined con-
ditions (SMR = 0.18), and accidents
(SMR = 0.70) (Table 4). There were
45 cancer deaths among the Chem-
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TABLE 5

Observed (OBS) and Expected (EXP) Numbers of Deaths, Standardized Mortality Ratios (SMR), and 95% Confidence
Intervals (Cl) for Men Employed by ChemlLawn as Applicators, 1969-1990, Adjusted by Race, Age, and Calendar Year

Cause

Aﬁéuse;of (Qatﬁir

Infective and parasitic disease
All malignant neoplasms
Digestive organs and peritoneum
Large intestine
Liver
Pancreas
Lung
Skin
Testis
Brain and other central nervous system
All lymphopoietic cancer
Non-Hodgkin’s lymphoma
Leukemia and aleukemia
Allergic, endocrine, metab., nutritional dis.
Diabetes mellitus
Diseases of blood and blood-forming organs
Mental, psychoneurotic, and personality dis.
Diseases of nervous system and sense organs
Diseases of circulatory system
Arteriosclerotic heart disease, CHD
Vascular lesions of CNS
Respiratory diseases
Pneumonia
Diseases of digestive system
Gastric and duodenal ulcer
Cirrhosis of liver
Symptoms, senility, and ill-defined conditions
External causes of death
Accidents
Motor vehicle accidents
Suicide

Tree and Shrub

All Applicators Lawn Applicators Applicators
OBS EXP SMR 95% Cl OBS EXP SMR 95% Cl OBS EXPSMR 95% CI
177 269.0 0.66 0.56, 0.76 165 240.2 0.69 0.59, 0.80 14 39.9 0.35 0.19, 0.59
12 16.7 0.72 0.37, 125 12 149 0.81 042, 1.41 1 2.6 0.39 0.01, 2.18
16 23.6 0.68 0.39, 1.1¢ 18 21.2 061 033, 1.05 3 3.1 0.96 0.19, 2.81
4 3.7 1.08 0.29, 2.75 4 3.4 119 032, 304 0 04
2 1.4 145 016, 522 2 1.3 160 018, 577 O 02
1 0.3 2.90 0.04, 16.16 1 03 322 0.04, 1784 0 0.0
1 0.6 1.75 0.02, 9.75 1 0.5 193 0.03,10.76 0O O.1
3 3.3 091 0.18, 266 2 3.0 0.67 0.08, 242 1 0.3 2.90 0.04,16.14
1 2.2 045 0.01, 2.51 1 2.0 050 0.01, 279 0 0.3
1 1.1 0.94 0.01, 5.21 0 1.0 1 0.2 6,18 0.08,34.39
2 2.3 0.88 0.10, 3.18 2 2.0 0.96 0.11, 3.54 0 03
4 6.5 0.62 0.17, 1.58 3 5.8 0.52 0.10, 1.51 1 0.9 1.06 0.01, 5.88
3 2.1 146 0.29, 4.27 3 1.8 1.63 033, 477 0 0.3
1 2.8 0.35 0.00, 1.97 Q 2.5 1 0.4 2.39 0.03,13.28
2 6.4 031 0.04, 1.3 1 5.7 017 0.00, 097 1 09 1.08 0.01, 6.02
1 2.5 040 0.01, 2.25 0 2.2 1 0.3 3.00 0.04,16.70
1 0.6 159 0.02, 8.84 1 0.6 1.76 0.02, 988 0 0.1
3 47 064 013, 187 3 4.2 071 014, 209 0 07
3 4.1 073 0.15, 2.14 3 3.7 0.82 0.16, 240 0O 0.6
13 284 046 024, 078 13 258 0.5C 027, 08 O 34
5 145 0.34 0.11, 0.80 5 13.2 0.38 0.12, 0.88 0 1.6
2 3.7 0.55 0.06, 1.98 2 3.3 0.60 0.07, 218 0O 0.5
1 5.5 0.18 0.00, 1.02 0 4.9 1 0.7 1.39 0.02, 7.73
1 2.9 0.34 0.00, 1.9 0 2.6 1 0.4 2.60 0.03,14.46
7 8.4 0.83 0.33, 1.71 7 76 092 037, 189 0 1.1
1 0.3 3.88 0.05, 21.59 1 0.2 4.28 0.06, 23.81 0 00
5 5.4 0.93 0.30, 2.16 5 4.9 102 083, 239 0 0.7
2 7.2 0.28 0.03, 1.0t 2 6.4 0.31 0.04, 113 O 1.1
114 159.1 0.72 0.59, 0.86 108 141.4 0.76 0.63, 0.92 7 25.0 0.28 0.1, 0.58
61 952 064 049, 082 58 845 0.69 052, 089 3 150 020 0.04, 0.58
45 60.6 0.74 0.54, 0.99 42 53.7 0.78 0.56, 1.06 3 9.7 0.31 0.06, 0.90
43 36.5 1.18 0.85, 159 41 325 1.26 0.91, 1.71 3 57 052 0.11, 1.53

Lawn employees (59.6 expected,
SMR 0.76, CI 0.55, 1.01).
Bladder cancer mortality was signif-
icantly increased, based on three
deaths (0.4 expected, SMR = .7.10,
CI = 1.43,20.73}. No other cause of
death differed significantly from the
expected among the total cohort.
The mortality pattern among white
men was similar to that for the entire
cohort (230 observed, 345.4 ex-
pected, SMR 0.67, CI
0.58,0.76), with the exception of
bladder cancer. Only one bladder
cancer death was observed among
the men (0.3 expected), which was
not statistically significant. There
were 2() deaths among nonwhite men
(25.7 expected; SMR = 0.78, CI =

0.47,1.20), nine of which were duc to
external causcs (13.0 expected,
SMR = 0.69, CI = 0.32,1.32). Two
cancer deaths (liver and pancreas)
occurred among nonwhite men (1.8
expected; SMR = 1.08).

There were 57 deaths among
women (73.4 expected, SMR =
0.78, CI = 0.59, 1.01; white women:
53 observed, 68.4 expected, SMR =
0.77, CI 0.58,1.01; nonwhite
women: 4 obscrved, 4.9 expected,
SMR = 0.81, CI = 0.22,2.70). There
were 18 deaths due to cancer among
the women (22.4 expected, SMR =
0.80, CI 0.48,1.22). The small
numbers precluded meaningful anal-
yses for most causes of death. Based
on two observed deaths (0.1 expect-

¢d), there was a significant excess of
bladder cancer.

Men employed as applicators
(lawn care, tree and shrub, pest con-
trol, or not specified) had signifi-
cantly deereased mortality for all
causes of death combined (SMR =
0.66), arteriosclerotic heart disease
(SMR 0.80), external causes
(SMR = 0.72), accidents (SMR =
(0.64), and motor vehicle accidents
(SMR = 0.74) (Table 5). There were
no significantly elevated causes of
death among male applicators. Three
NHL deaths were observed with 2.1
expected, yielding an SMR of 1.46
(Cl = 0.29.4.27).

There were three deaths among the
777 women employed as applicators,
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one cach due to bladder cancer, in-
fectious disease, and suicide (data
not shown). All were white women
employed in lawn care.

Among men, most of the applica-
tors had been employed in lawn care,
with only 14 deaths observed
(SMR = 0.35) among the more re-
cently established tree and shrub op-
eration (Table 5). All three NHL
applicator deaths occurred among
lawn applicators (].8 expected,
SMR = 1.63, CI = 0.33,4.77). No
unusual mortality patterns were ob-
served among the wash and fill truck
area workers (15 observed, 21.5 ex-
pected, SMR = 0.70, CI =
0.39.1.15) or the labor and field
workers (8 observed, 16.7 expected,
SMR = 0.48, SMR = 0.21,0.95),
who were also potentially exposed to
pesticides (data not shown).

Table 6 presents SMRs for se-
lected causes of death among men
employed as lawn applicators by age
hired and duration of employment.
The age and duration categories were
based on the distribution of the co-
hort without prior examination of the
risk estimates. Two NHL cases were
employed three or more years
(SMR = 7.11, CI = 1.78, 28.42). No
other cause of death was signifi-
cantly elevated among the lawn ap-
plicators in the analysis of groups by
age hired or duration of employment.

In other occupational groups
within the cohort, there were no sig-
nificant excesses or deficits for all
causes combined or for specific
causes of death (data not shown)
except for significantly decreased
mortality from accidents (SMR =
0.34, CI = 0.09,0.87), notably motor
vehicle accidents (SMR = 0.25,
CI = 0.03,0.89) among tclemarket-
ers, customer service, and collection
employees.

The characteristics, job titles, and
potential pesticide exposures of all
subjects who died of bladder cancer,
NHL, or other lymphatic or hemato-
poietic malignancies are presented in
Table 7. Two of the three bladder
cancer cases were part-time workers
with little or no potential for expo-

Suicide
n SMR 95% CI

Accident
165 0.69 0.59, 0.80 13.0.61 0.33,1.05 3 1.63 0.33,4.77 13 0.50 0.27,0.86 5 ‘IV..O2 0.33, 2.39 108 0.76 0.63, 0.92 42 0.78 0.56, 1.06 41 1.26 0:97, 1.71

3 0.77 0.25,238 2 0.66 0.16, 2.63

Motor Vehicle
n SMR 95% CI

S 040 021,077 2 025 0.07.1.00 6 1.11 0.50. 2.47

94 0.87 0.71, 1.07 37 0.88 0.64, 1.22 33 1.38 0.98, 1.94
5 0.42 0.18, 1.01

79 0.77 0.61,0.96 33 0.80 0.55,1.12 28 1.23 0.82, 1.78

External Causes
n SMR 95% CI

Cirrhosis
nSMR 95% Cl

System

Circulatory
1 0.11 0.00, 0.62 3 1.68 0.34, 4.91

5 0.29 0.12,0.70 3 0.97 0.31, 3.01
4 0.80 0.30,2.13 2 1.97 0.49, 7.88

Diseases of the
n SMR 95% CI

Lymphoma

Non-Hodgkin’s
n SMR 95% CI

All Cancers

1 0.24 0.03,1.74 0
13 0.52 0.30,0.89 3 0.91 0.29,2.83 2 7.11 1.7, 2842 4 0.89 0.33,236 0

n SMR 95% ClI

All Causes
69 0.76 0.59, 0.96 10 0.87 0.42,1.60 2 2.43 027,876 12 0.71 0.37,1.25 2 0.65 0.07,2.33 29 0.75 0.50,1.07 9 0.73 0.33,1.38 13 1.34 0.71, 2.30

96 0.64 0.52,0.79 3 0.31 0.06,0.90 1 0.99 0.01,5.49
Duration of employment®

n SMR 95% CI

136 0.81 0.68,0.95 9 0.62 0.32,1.20 1 0.75 0.11,5.29
20 0.51 0.33, 0.79

Factor
1-2.9 years
3+ years

<1 year
* Four cases with unknown cause of death included in the “all causes” AMFIT duration analyses.

Age hired
2
26+

Observed Numbers of Deaths, Standardized Mortality Ratios (SMR), and 95% Confidence Intervals (35% Ci) for Selected Causes of Death Among Male Lawn

Applicators, by Age Hired and Duration of Employment, Adjusted by Race, Age, and Calendar Year

Lawn applicators

TABLE 6
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TABLE 7

Characteristics of Current or Former ChemLawn Employ2es Who Died of Bladder Cancer or a Lymphatic or Hematopoietic

Malignancy, 1969-1990

Race/ Age Duration of Age at
Cancer Gender Hired Employment Death ChemlLawn Job
Btadder WM 57 0.5 years 64.7  Telemarketing coordinator
(part time)
Bladder WF 65 0.4 years 72.8  Secretary (part time}
Bladder WE 26 3.9 years 31.2  Lawn applicator (full time)
Non-Hodgkin’s WM 26 3.0 years 32.6  Lawn applicator (full time)
lymphoma
Non-Hodgkin’s WM 32 0.6 years 356  Lawn truck helper (part time)
lymphoma
Non-Hodgkin's WM 18 6.0 years 24,9  Lawn applicator, then
lymphoma assistant branch manager
(full time)
Non-Hodgkin's WF 36 0.4 years 37.8  Hold caller/collections
lymphoma (part time)
Hodgkin's WF 26 0.4 years 32.3  Computer clerk (part time)
disease
Leukemia WM 25 1.1 years 32.8 Tree and shrub helper
(part time), Tree and shrub
applicator (full time)
Leukemia WM 26 0.1 years 32,5 Trainee (part time)
Leukemia WF 39 14.7 years 57.4  Secretary, office manager

Pesticides Known To Be in Use at Branch
When Subject Was Employed
as Applicator

2,4-D, bensulide, chiorpyrifos, DCPA,

dicamba, mecoprop

2,4-D, benefin, bensulide, chlorpyrifos,

DCPA, diazinon, dicamba, iron sulphate,
mecoprop, pendamethalin, triclopyr

2,4-D, chlorpyrifos, DCPA, dicamba,

dichlorprop, iron sulphate, MCPA,
mecoprop, pendimethaline

2,4-D, aspon, atrazine, bensulide,

chlorpyrifos, DCPA, dicamba,
mecoprop, pronamide, trichlorfon

Acephate, benomyl, carbaryl, diazinon,

dicofol, Super W Qil

2,4-D, bensulide. chlorpyrifos, dicamba,

isofenphos, mecoprop

sure to pesticides. One bladder can-
cer case oceurred in a female lawn
applicator. Three of the four NHL
cases were men employed in lawn
application, all of whom had poten-
tial exposure to 2,4-D, chlorpyrifos,
DCPA, dicamba, and mecoprop.

Discussion

This retrospective cohort mortality
study of ChemLawn employces was
based on a large population of
32,600 subjects, with excellent fol-
low-up (99%) and detailed pesticide
use data for many branch offices and
years. The cohort, however, was
quite young, with relatively short
durations of empioyment and follow-
up. The median age and year hired
were 23 years and 1984, respee-
tively. Approximately two-thirds
(66%) of the employces worked for
less than one year, with 77% less
than two years. The median length of
employment was 0.5 years, while the
median length of follow-up was 6.8
years. Sixty-one percent of the per-

son-ycars were accrued at ages under
30, and only 2% werce accrued at age
50 or older. Few study subjects
reached the ages at which cancer and
death are most likely to occur,

Since special interest focused on
the risk of NHL in this study popu-
lation, it is noteworthy that the aver-
age age of diagnosis in three case-
control studics of NHL conducted by
NCI was 64.3 years. Between 25-29
and 65-69 years of age, there 1s a
24-fold increase in the mortality rate
for NHL.°" Thercfore, the young age
of the study population limits the
power of the current analysis to cval-
uate the risk of NHL and many other
tumors that increase with age. In
addition, the short follow-up was
also a limiting factor, since carcino-
genic risks typically do not become
apparent until 20 or more ycars after
initial exposure.

The Chem _awn cohort had signif-
icantly lower than expected mortality
for all causes of death combined,
arteriosclerotic heart disease, symp-

toms and ill-defined conditions. and
accidents, The lower mortality for all
causes and arteriosclerotic heart dis-
casc is typical of that experienced by
cmployed groups in comparison with
the general population, which in-
cludes people too sick to work. > %
This “healthy worker effect” tends to
be the most pronounced in young
cohorts, particularly when some de-
gree of physical fitness is required
for the job, as for ChemLawn appli-
cators. The healthy worker effect
diminishes as time passes.

In our study, bladder cancer mor-
tality was significantly increased,
hascd on three deaths. Although ex-
cess bladder cancer has been re-
ported in applicators handling the
rodenticide ANTU®" and in the
first,”® but not subsequent,” fol-
low-up of another cohort of pesticide
applicators, it seems unlikely that
this excess was due to pesticide ex-
posure. Although one bladder cancer
case was a woman employed as a
lawn applicator, the other two cases



JOEM - Volume 39, Number 11, November 1997

had no dircet contact with pesticides
in their part-time ChemLawn jobs.

There were four deaths due to
NHL among the cohort. Three of the
NHL deaths occurred among men
cmployed i lawn application
(SMR = 1.63), with two employed
threc or more years (SMR = 7.11).
No other cause of death was signifi-
cantly clevated among lawn applica-
tors as a group or among those em-
ployed for three or more years.
Ordinarily, one would not give much
credence to the cxcess risk associ-
ated with duration, based on such
small numbcers. However, this was
the only tumor with a duration effect
in our study and the one with the
strongest suspicion of a relation to
herbicides based on previous epide-
miotogic studies of farmers, forestry
workers, and gardeners.>'* '* The
1.63 overall risk for NHL among the
applicators, although not statistically
significant, was similar to the risks
for NHL seen among farmers with a
history of 2,4-D use in Kansas (odds
ratio = 2.3)'* and Nebraska (odds
ratio = 1.5)."* The significantly
higher risk of 7.11 observed among
longer duration applicators also re-
sembles the higher risk observed
among the most frequent users of
herbicides in Kansas (odds ratio
7.6)'* and Nebraska (odds ratio =
3.3).

If the relation between 2,4-D and
NHL is real, one might expect higher
risks among ChemLawn applicators
than farmers, since the applicators
apply pesticides between 90-120
days per year while farmers seldom
apply more than 30 days per year.
The young average age and short
follow-up of the cohort, however,
may have limited the power to detect
an excess risk of NHL or other tu-
mors. It 1s noteworthy that a signifi-
cant cxcess of NHL (proportionate
mortality ratio = 2.37) was observed
in a survey of golf course superinten-
dents, whose pesticide use in turf
management resembles that of the
ChemLawn cohort but who are older
on average.’

Given the short follow-up to date
in this study, the latent period (de-
fined as the time from f{irst exposure
to diagnosis) for the NHL deaths
among the cohort is also very short,
In general, chemically induced NHL
is thought to have un average latent
period in the range of 15-20 years,
similar to that of other solid tumors.
In contrast, NHL associated with im-
munosuppression wier renal trans-
plantation begin to appcar within a
few months.®”°® The short time from
date hired to death from NHL ob-
served in this cohort may: (1) indi-
cate that the NHL deaths are not
causally related to the subjects™ pes-
ticide exposures; (2) be for the first
few deaths of a lerger series that
eventually will have an overall aver-
age of 15-20 years, or (3) indicate
that the carcinogenic mechanism was
related to immunosuppression, not
classic chemical genotoxicity. Faus-
tini ct al® recently reported immu-
nologic changes in farmers after
short-term exposure to 2,4-D and
MCPA. Significant reductions were
observed in lymphocyte subsets in-
cluding circulating helper (CD4) and
suppressor T cells (CD8), CD8 dim,
cytotoxic T lymphocytes (CTL), nat-
ural killer cells (NK), CD8 cells
cxpressing the surfuce antigen
HLA-DR (CD8-DR), and lympho-
cyle mitogen responscs.

At this time, onc cannot conclude
that the NHL risk seen among Chem-
Lawn workers is rclated to exposure
to pesticides or to specific products
such as 2.4-D. The applicators with
NHL also had other herbicides and
insecticides exposures in common,
eg, chlorpyrifos, an organophosphate
msecticide. Organophosphates have
been linked to NHL previously,**'®
As the number of deaths among the
cohort increases over time, it may be
possible to clarify risks and disentan-
gle the effects of individual pesti-
cides. Nonoccupational factors, how-
ever, seem unlikely explanations for
the NHL excess scen in our study.
Smoking, for example, is not a risk
factor for NHL.,”” aor were most
smoking-related causes of death ele-
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vated mn this cohort. Immunosuppres-
sive drugs”" and hair dye use’” have
been linked to NHL but are cx-
tremely rare in young men. AIDS-
related NHL. must be a consideration
in a cohort study of young men but
would only confound our findings if
the ChembLawn cohort was more
likely 0 have AIDS-related NHL
than the age-matched general popu-
lation. There is no cvidence that this
is occurred, nor wus AIDS reported
on any of the NHL death certificates.

Summary

The Chemlawn cohort had low
overall mortality, consistent with a
healthy worker effect in this young
employed population. Statistically
significant cxcesses were observed
for only two causes of death: bladder
cancer among the cohort as a group
and NHL among applicators em-
ployed for more than three years.
The bladder cancer excess is unlikely
to be related to pesticide exposure,
since two of the three cases were
parl-time worxers with no apparent
contact with pesticides. The NHL
cxeess n long-term employees was
based on small numbers. but because
of 1ts consistency with previous stud-
ics, cannot be ignored. It is critical to
continue follow-up as the cohort
ages in the prospective component of
this study, particularly for applica-
tors with long duration of employ-
ment. In approximately five years,
there would be sufficient statistical
power to detect a twofold excess of
NHL in the applicators as a group,
and increased power (o evaluate risks
in the population employed for three
or more years. Grouping all applica-
tors together without consideration
of type or amount of pesticides used
may underestimate the risks associ-
ated with use of some specific pesti-
cides. With more cases of NHL and
other cancers, it will be possible to
utilize rhe pesticide program data
with a nested casc-control approach
to clarify risks overall and identify
the individual pesticide exposures
that may be involved. In the mean-
time, pesticide applicators should
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continue to take precautions to limit
dermal exposure to pesticides as
much as possible,
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